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j^ OAIMS 
What Is claimed isx 

1. A memory siibsystem comprising 

two memory devices connected in parallel to a bus, 
said bus including a plurality of bus/lines for 
carrying substantially all address, data/and control in- 
formation needed by said memory device^, 

said control information includ^g device-select 
information, 

said bus containing substaii/ially fewer bus lines than 
the number of bits in a single/address, and 

said bus carrying devicZ-select information without the 
need for separate device-afelect lines connected directly to 

/ \ ^ 
individual memory pevic 

2. The memory suBs/stem^f claim 1 wherein said bus 
contains at least 8 busJp.ines adatoted to carry at least 16 
address bits and at least 8 data brts. 

3. The memoA subsystem of claim 1" wherein said bus also 
includes parallel lines for clock and power. 



4 . A system comprising 

memory subsystem of claim 1 wherein each bus of said 
mem^ subsystem is connected to its own transceiver device. 
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a transceiver bus connecting said transceiver devices, 



and 



a means for transferring information between each of 
said buses of said memory subsystems and said transceiver 
bus, whereby memory subsystems may be integrated into a 
larger system having more memory than an individual memory 
subsystem. 

5. The system of claim 4 having a plurality of memory 
subsystems. 



6. The system of claim 4 further /comprising a master 
device connected to said transceiver pus. 



7 . The system of claim 6 
selected from the group consisi; 
a floating point unit and a d 




ein said master device is 
a central processing unit, 
access unit. 



8. The system of cl^uLm ^further comprising a peripheral 

device connected to the .transceiver bus, s\id peripheral device 

/ 

adapted for connection/to other devices not! on the bus . 



9. The syst€Ha of claim 8 wherein said peripheral device is 
selected from the group consisting of an I/O interface port, a 
video controller and a disk controller. 
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10. The system of claim 5 wherein said transceiver bus is 
in a different plane than the plane of the bus of each oi said 
memory subsystems. 

11. The system of claim 5 wherein the bus of each memoir 
subsystem lies substantially in a subsystem bus/plane and said 
transceiver bus lies substantially in a plany' orthogonal to said 
subsystem bus plane. 



12. The system of claim 4 having at least two transceiver 
buses, each transceiver bus havi[ng\a plurality of memory 
subsystem buses connected throu(fh a^irst transceiver to said 

transceiver bus, 

each of said transceiver b\ ^6s being further connected to a 
second transceiver adapted to ir terf ace Vo a second-order 
transceiver bus, whereby each /trWnsceiveA bus is connected 
through said secpnd transceiver form a Second-order 
transceiver bus unit. / 

' * / 

13. A semiconductor subsystem bus for interconnecting 
semiconductor device^comprising 

a plurali^ of semiconductor devices connected in 
parallel to/a bus, at least one of said semiconductor 
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devices being a memory device or a transceiver device which 
in turn is connected to a memory subsystem, 

said bus including a plurality of bus lines 
carrying substantially all address, data and control 
information needed by said semiconductor devioes, 

said control information including semi;conductor 
device-select information, 

said bus containing substantially fewer bus lines than 
the number of bits in a single address/ and 

said bus carrying device-select ^information without the 
need for separate device-select linfes connected directly to 
individual semiconductor devxces ,/ and 

at least one modifial/le register in each of the semi- 
bus/ s'^d modifiable registers 

s, wh^eby the subsystem can be 



conductor devices on said 
being accessible from sai 



configured using signals transmitted pn said bus 




l\n 



stem bus of Qlaim 13 wherein one 
-time \r€ 



14 . The semiconductor 
type of modifiable regist^ is an^^ccess-time tegister designed 
to store a time delay afl^er which a device may take some 
specified action on saxd bus. 



25 



15. The semiconductor subsystem bus of claim 13 further 
comprising a semiconductor device having at least two access-time 
registers and 
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one of said access-time registers is permanently programnfed 
to contain a fixed value and at least one of said access-tiifie 
registers can be modified by information carried on said^bus. 



10 



y 



16. The semiconductor subsystem bus of claim 13/further 
comprising a memory device having at least one discrete memory 
section and also having a modifiable address regi/feter adapted to 
store memory address information which corresp^ds to each said 
discrete memory section. 



17 . The semiconductor subs:^tem bu/ of claim 16 wherein 



said memory address information 
Crete memory section. 



fcoi 



prises a pointer to said dis- 



15- 18. The semiconductor subsystem bks of claim 16 wherein 

said discrete memory section hi/ a top aAd a bottom and said 
memory address information co^rises poin^rs to said .top and 
said bottom. 



ru 
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• 19. The semiconductor subsystem bus of claim 16 wherein 
said memory address ijf^ormation comprises 

a pointer/to said discrete memory section and 
a range/value indicating the size of said discrete 
memory se<Srion. 



25 
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20. The semiconductor subsystem bus of claim 16 wherein 
said address registers of each of said discrete memory sections 
of each of said memory devices connected to said bus eire set to 
contain memory address information that is dif fereny for each 
discrete memory section and such that the highest memory address 
in each discrete memory section is one less than /the lowest 
memory address in another discrete memory section, 

whereby memory may be organized into one /)r a small number 
of contiguous memory blocks. 

21. The semiconductor subsystem bus/of claim 16 further 
comprising a means for testing (iaflih of said discrete memory sec- 
tions of each of said memory de rices for proper function, and 

for each non-functionc 1 discrete memory section, a 



means for setting at least 



one/ adtiress register which 



Yx section to indicate that 



corresponds to said discrel e/memo 
said discrete memory secti^ is non-iunctional, > 

for each functional discrete memory section, a means 
for setting at least one/ address register which corresponds 
to said discrete memory section to contain such 
corresponding addres^ information. 



22. The semiconductor subsystem bus of claim 21 wherein 
said address registers corresponding to said discrete memory 

■ / 
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sections are set to provide one contiguous memory block vdfthin 
the subsystem. 

23. The semiconductor subsystem bus of claim 1^ wherein one 
of said modifiable registers is a device identif icaCtion register 
which can be modified to contain a value unique fo that 
semiconductor device. 
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24. The semiconductor subsystem bus claim 23 wherein 
said device identification register is s^t to contain a unique 
value which is a function of the physical position of that 
semiconductor device either along said bus or in relationship to 



other semiconductor devices 



saicy bus . 



25 



25. A bus subsystem cnmprisifig 

two semiconductor de(vices\connected in parallel to a 
bus., wherein one of sajfd semiconductor devices is^ a master 
device, 

said master device \including a\ means for initiating bus 
transactions , 

said bus iJicluding a plurality of bus lines for 
carrying subarantially all address, data and control 
informatioiyheeded by said devices, 

said/oontrol information including device-select 
information , 
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said bus containing Bxibstantially fewer lines tha^ the 
number of bits in a single address, and 

said bus carrying device-select information vr£thout the 
need for separate device-select lines connected yflirectly to 
individual devices on said bus, whereby said master device 
initiates bus transactions which transfer information 
between said semiconductor devices on saicybus. 
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26. The bus subsystem of claim 25 wherein one of said 
semiconductor devices is a memory device connected to said bus, 
said memory device having at least one discrete memory section 
and also having a modifiable address register adapted to store 



memory address information whi 
discrete memory section. 

27. The bus subsystem of 
semiconductor devices compris 




esponds to each said 



6 wherein one of said 
ceiver device connected in 



parallel to said bus and coi^ie^ted in parallel to a memory device 
on a bus other than said 



28. The bus subsystem of claim 26 further including a means 
for said master device to reqiiest said memory device to prepare 
for a bus transaction by sending a request packet along said bus, 
said memory device/and said master device each having a device- 
25 internal means tor prepare to begin said bus transaction during a 
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device-internal phase and further having a bus access mev&ns to 
effect said bus transaction during a bus access phase, /said 
request packet including 

a sequence of bytes containing address ary& control 
information, 

said control information including inflbrmation about 
the requested bus transaction and about tine access time, 
which corresponds to a number of bus cycles , which needs to 
intervene before beginning said bus-access phase, and 

said address information pointing to at least one 
memory location within one of said/discrete memory sections 
of said memory device. 



29 . The bus subsystem 



initiate said device-intemi 




28 wherein said memory. 



device includes a means to ]ead)said control information and 



leai 



at a time so as to complete 
said device-internal phase vilfthin s^d access time and begin said 
bus access phase after said' Jfvimber of\>us cycles. 



20 .30. The bus subsygxem of claim 28 wherein said control 

information comprises An op code. 



25 



31. The bus subsystem of claim 30 wherein said memory 
device includes aense amplifiers adapted to hold a bit of 
information or to precharge after a selected time and a means to 



/ 
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transfer a data block during a data block transfer either /reading 
data from said memory device or writing data into said jremory 
device, and • 

wherein said op code instructs said memory deyif:e to 
activate a response means, said response means inc]/iding a means 
to 

initiate a data block transfer, 
select the size of said data block, 

select the time to initiate said dara block transfer, 
access a control register, includj/ng reading from or 
writing to said control register, 

precharge said sense amplifiers^ after each of said data 

block transfers is complete, 

hold a bit of information in/ each of said sense 

dat 



amplifiers after each of s 
complete, or 

select normal or page}- 



32. The bus subsystem of 
transfer comprises a read fr 
single memory device. 




ta block transfers is 



ccess . 



erein said data block 
o memory within a 



33. The bus subsystem of claim 28 further comprising a 
means for said master device to send control information to a 

25 specific one of said semiconductor devices on said bus by 

7 ■ . ■ 
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including in said request packet a device identification 
unique to said semiconductor device. 



ni^^r 



34";' The bus subsystem of claim 28 further comprising a 
means for said master device to send control informq/tion to a 
selected one of said discrete memory portions by i^Acluding in 
said request packet a specific memory address. 
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35. The bus subsystem of claim 28 further comprising a 
means for said master device to send contro/ information to 
substantially all semiconductor devices on/ said bus by including 
in said request packet a special device identification number 
which is recognized by said semiccfridlicvor devices. 



wherein said control 
ctly the number of bus 



36. The bus subsystem of cla: 
information specifies directly or 

cycles for said master device ana said memory device to wait 




before beginning said bus acces^ phase. 



20 37. The bus subsystem /of claim 36 wherein, for a data block 

transfer, said master d&^ri/z& and said memory device use the same 
access time and same dat^ block size regardless of whether said 
data block transfer is A read or write operation. 
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38 . The bus subsystem of claim 28 wherein said controi 
information further includes a block-size value that enco/es and 
specifies the size of the block of data to be transfers 

39. The bus subsystem of claim 38 wherein said /block-size 
value is encoded as a linear value for relatively sAall block 
sizes values and is encoded as a logarithmic valu^ f or relatively 
larger block sizes. 



va 



40. The bus subsystem of claim 38 where/n said block-size 
lue is encoded using four bits, and where Ahe encoded value is 



SI 
1^ 

SI 

fU 

2 Or 
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Encoded Value 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 



Block Size /Bvtes^ 



^25 ( 
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41. The bus subsyst^ of claim 26 wherein said memory 
device is a DRAM device fiontaining 

a plurality ot sense amplifiers. 



/ 
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a means to hold said sense amplifiers In an unmodified 
state after a read or write operation, leaving the device In 
page mode, / 
a means to precharge said sense amplifiers ana 
a means for selecting whether to precharge Syald sense 
amplifiers or to hold said sense amplifiers in an unmodified 
state. / 

42. The bus subsystem of claim 28 wherein ykid request 
packet comprises an even number of bytes. / 

43. The bus subsystem of claim 28 further Including a means 
for generating and controlling a plurality/of bus cycles, during 
which said bus carries said address', idata/and control 
information, and wherein alternate saioybus cycles are designated 
odd cycles and even cycles, respectivbaw and wherein said 
request packet begins only on an eve^\ cycle. i 

44 . The bus sxibsystem of claim 28 further including a means 
for 'generating ECC information ycorresponding to a block of data 
and a means for using said EQC information to correct errors in 
storing or reading said block of data, wherein said ECC 
information may be stored/separately from said block of data. 
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45. The bus subsystem of claim 44 further comprising 
least two of said memory devices wherein said ECC information and 
said corresponding block of data are stored in a first anfci a 
second said memory device/ respectively, and said maste/ device 
includes a means to write or read said block of data Jth error 
correction by sending separate ones of said request /ackets for 
said ECC information and for said corresponding bla6k of data. 
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46. A bus subsystem comprising 

a memory device and a master device connected in 

parallel on a bus, 

a means for said master devic«/ to send a request 
packet and initiate a bus transaction and 

a means for said mast^rVe/^ce to keep track of 
current and pending bus transactions, 
said bus including a plurali/y e^f bus lines for 
carrying substantially all addr^s, dXta and control 
information needed by said menfory devices, 

said bus containing sub/tantlally fLer lines than the 
• number of bits in a single/address, and 

said bus carrying device-select information without the 
need for separate deviXselect lines connected directly to 
individual devices on/said bus, whereby said master device 
initiates bus transactions which transfer information 
between devices or/said bus and collisions on said bus are 



/ 
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avoided because said master device avoids initiating dms 
transactions which would conflict with current or p^ding 
bus transactions. 

5 47. The bus subsystem of claim 46 having at le^t two of 

said master devices and including 

a collision detecting means whereby a f if st said master 
device sending a first said request packet rfan detect. a 
second said master device sending one of BjkLd colliding 
10 ' request packets, where one of said said oblliding request 

^ packet may be sent simultaneous with thsS initial sending of 

W - or overlapping the sending of said fiyfet request packet, and 

1=^- • 

H \\ / 

.M' an arbitration means wheieby said first and said second 

SI ' \ \ / 

1|S» master devices select a priorityY>rder in which each of said 

W \J\_ 
|ij master devices will be allowed yco ^access said bus 

M' 

□ sequentially. 

48. The bus subsystem of odaim 47 wherein each of said 
20 master devices has a master in/number and each of said request 
packets includes a master ID/position which is a predetermined 
number of bits in a predetetanined position in said request 
packet, and wherein said (^llision detection means comprises 

a means included in each master device for sending a 
25 request packet in^uding said master ID number of said 

J 
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master device In said master ID position of said re<piest 
packet and 

a means to detect a collision and invoke saj 
arbitration means if any master device detects/any other 
master ID number in said master ID position. 

49. The bus subsystem of claim 47 wherei^ each of said 
master devices includes 

a means for sending a request paidketj 

a means for driving a selected/bus line or lines during 
at least one selected bus cycle v^ile said request packet is 
being sent, 

a means for monitoring sadd selected bus line or lines 
to see if a said master device is sending a colliding 
request packet and 

a means for inforiiiAg all other master devices that a 
collision has occurred/and for invoking said arbitration 
means . 

50. The bus subsystem of claim 47 wherein each of said 
master devices incluaes 

a means /Twhen sending a request packet, to drive a 
selected bus line or lines with a certain current during at 
least one/selected bus cycle. 
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a means for monitoring said selected bus line or lines 
for a greater than normal current to see if anoth^ master 
device is driving that line or lines, 

a means for detecting said greater than n/Srmal current, 

and 

a means for informing all said master /devices that a 
collision has occurred and for invoking ^id arbitration 
means . 

51. The bus subsystem of claim 47 v^^erein said arbitration 
means comprises 

a means for initiating an arfcitration cycle, 
a means for allocating a. sxngle bus line to each master 
device during at least one \sellected bus cycle relative to 
the start of said arbitration cycle, 




a means for allocating feach Roaster device to a single, 
bus line during one of e&Ld. selected bus cycles if there are 
more master devices th^i^n ava4lable ^s lines, / 

a means for each/ of said master devices which sent a 
colliding request oacket to drive said bus line allocated to 
said master device during said selected bus cycle, and 
in/at 



a means 



/at least one of said master devices for 



storing infomiation about which master devices sent a 

J ' 
colliding request packet. 
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whereby said master devices can monitor selected/bus 
lines during said arbitration cycle and identify e&ch said 
master device which sent a colliding request pack/t. 



52. The bus subsystem of claim 47 wherein sa/d arbitration 
means comprises 

a means included in a first one of sa4d master devices 
which sent colliding request packets fo/ identifying each of 
said master devices which sent collidLhg request packets, 

a means for assigning a priority to each said master 
device which sent a colliding requ^t packet, and 

a means for allowing each sa/d master device which sent 
a colliding request packet to acteess the bus sequentially 
according to that priorit] 



53. The bus subsystem of 
based on the physical locationyj 



of el 



52 wherein said priority is 
ich of said master $levices. 



54. The bus subsystem/of' claim 52 wherein said priority is 
bas^d on said master ID n^nber of said master devices. 



55. The bus subsystem of claim 52 wherein each of said 
master devices includes a means, when sending a colliding request 
packet, for deciding which master device can send the next 
request packet iA what order or at what time, whereby no master 
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device may send a new request packet \intil responses to /ach 
pending request packet have been completed or scheduleal. 
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56. A bus subsystem comprising 

a plurality of semiconductor devices connected in 
parallel to a bus, 

said bus including a plurality of bu/ lines for 
carrying substantially all address, data/ and control 
information needed by said seraiconduct^ devices, 

said control information includi/g device-select 
information, 

said bus containing substantially fewer lines than the 
number of bits in a single address, 

said bus carrying said device-select information with- 
out the need for separate de/ice-select lines connected 
directly to individu semifconductor devices, 

said semiconduct oA dfevices including a reset means 
having an input and an/Aitput, the output of the ieset means 

levioe being connected to the input of 



of one semiconductor 



25 



the reset means of /tli^ nextXsemiconductor device in series 

7 ^ 

57. The bus subsystem of claim 56 further including system 
reset means compri/ing 

a means/ for generating a first and a second reset 
signal. 



High Performance Bus Interface -81- 



a means for passing said first reset signal to a first 
of said semiconductor devices and then to subsequent/ones of 
said semiconductor devices in series and 

a means for passing a second reset signal t<^ said first 
semiconductor device and then to said subseguei 
semiconductor devices in series, 
said bus subsystem including one of said semiconfluctor devices 
containing . 

a device identification register ad^ted to contain a 
number unique to said semiconductor de^ce within said bus 
subsystem, 

a device identification registeft setting means, and 
a device reset means for reselling said semiconductor 
device to some desired, known ra^t state in response to 
said first reset signal ai\A for setting said device 
identification register inVrqpponse to said second reset 

signal, A \ 

whereby said bus subaystemXcan be reset to a known 
reset state with a \iniqu4 device Vdentification value in 
said device identif ica/ion regist^ of each of said 
semiconductor devices 

58. The bus subsystem of claim 57 wherein said desired, 
known reset state is ywhere all registers in the semiconductor 
device are cleared And the state machines are reset . 
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59 . The bus subsystem of claim 57 wherein said d^ice 
identification register setting means comprises 

a means for detecting said second reset signal, 
a means for reading a device identification number from 

said bus lines at a specific time relative/ to said second 

reset signal and 

a means for storing said device id(^ntif ication n\imber 

in said device identification register of said semiconductor 

device. 
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60. The bus' subsystem of claim 57 wherein said second reset 
signal comprises multiple pulse sequences and wherein said device 
identification setting means \iticluiaes 



a means for interpr 
device identification n 

a means for storing 
in said device identif 
device . 




61. The bus subsystem of claim 57 




said pulse sequences as a 
and 

ce identification number 
ister of said semiconductor 



rein said device reset 



means comprises an ry^stage shift register capable of storing li- 
bit values, whereijft said device reset means interprets a specific 
value in said shi^Et register as said first reset signal and 
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intezrprets a specific value in said shift register as said ^cond 
reset signal. 

62. The bus subsystem of claim 57 wherein one said 
semiconductor devices is a master device, said master: device 
including a means for generating said first and saad second reset 
signals. 
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63. The bus subsystem of claim 57 wherei,n one of said 
semiconductor devices is a master device, ysaid master device 
including 

a master ID register,] 

a means for assigning! awA'^ter ID number to said master 
device and 

a means for storing ma^ster ID number in said 

master ID register. 






64 . The bus subsystem of claim 63 further comprising a 
second one of said master devices, and a means for a first one of 
said master devices to assign a master ID number to svibstantially 
all other said master devices, whereby said first master device 
assigns one of sa;^ master ID niimbers to each of said master 
devices on said/bus subsystem and each said master device stores 
said assigned/master ID number in said master ID register. 



25 
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65. The bus subsystem of claim 57 wherein one of said 
semiconductor devices includes a . device-type register/adapted to 
contain an identifier characteristic of that type ol 
semiconductor device, and one or more modifiable registers, at 
least one of which is an access-time register adapted for storing 
access times. 




66. The bus subsystem of claim 65 whefrein one of said 
semiconductor devices is a master device Aaving 

a means for selecting a semiconductor device, 
a means for reading said device-type register of said 
selected semiconductor device, / 

a means for determining Ime device type of said 

ic,/, 




access-time values appropriate 
tor device and for storing said 



selected semiconducto 
a means for dete 
for said selected semic 
access-time values in s 
selected semiconducto 

L^ti 

appropriate for said selected semiconductor device in 
corresponding registers of said selected semiconductor 
device, 

whereby >^aid master device can select a semiconductor 

device, determine what type it is, and set said access-time 
/ 

and otheiv registers to contain appropriate values. 



ess-time registers of said 

\ ■ 

ice, Xand ' 
a means for selecting and spring other values 
sa/d 



! / 
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67. The bus subsystem of claim 66 further comprising a 
memory device having at least one discrete memory section and at 
least one modifiable address register adapted to st^re memory 
address information which corresponds to each of ^aid discrete 

memory sections, and 

said master device further comprising a n^eans for selecting 
and testing each of said discrete memory segtions and a means for 
storing. address information in said addrea^ registers 
corresponding to each of said discrete m^ory. sections, whereby 
said master device can test all said d^crete memory sections and 
assign unique address values thereto. 




connected in parallel to a 
devices being a master . 



68. A bus subsystem com; 

two semiconductor de 
bus, one of said semicoi^ 
device, 

said bus includl/g a plurali^ of bus data lines for 
carrying substantially all address, \ata and control 
information needed by said semiconductor devices, 

said contr)^ information including device-select 
information, 

said hJs containing substantially fewer of said bus 
data line/than the number of bits in a single address, and 
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said bus carrying device-select infozmatioh without the 
need for separate device-select lines connected dii^tly to 
individual semiconductor devices, 

wherein all of said bus data lines, are temunated 
transmission lines and all of said address, d^a and control 
information is carried on said bus data lines as a 
sequential series of bits in the form of yiow-voltage- swing 
signals . 
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69. The bus subsystem of claim. 6 8 /urther comprising a 
semiconductor device including a current -mode driver connected to 
drive one of said bus data lines . 

70. The bus siibsystem <bfNcl6im 69 further comprising a 
semiconductor device having ^ ipeans to measure the voltage of 
said low-voltage-swing signal||i on \ selected one of said bus data 
lines, whereby said semicorvdu^tor deVice can determine whether 
zero, one, or more than one of said ciJtrent-mode drivers are 
driving said selected l^Qs data line. 

71. The bus s^system of claim 70 further comprising a 
semiconductor dej/lce having 

a plurality of input receivers connected to one of said 
bus dati^ lines, and 
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a selection means for selecting said Input receivers 
one by one to sense and store, one at a time, the bits of 
said sequential series of bits. / 



72. The bus subsystem of claim 70 further comprising a 
semiconductor device having two Input receivers ^nnected to one 
of said bus data lines. 

73. A bus subsystem comprising 
two semiconductor devices connectied in parallel to a 

bus having a first and a second end/ said bus Including a 
bus clock line, said bus clock line having first and second 
ends corresponding to said first ^nd second ends of said 
bus, respectively, 

a clock generator conn^tifed to said first end of said 
bus clock line to generat^ fai^y bus clock signals with a 
normal rise time, and 

signal return means Ait\ said ^cond end of said bus 
clock line to return s^d early busN^ock signals to said 
first end of said bu^as corresponding late bus clock 
signals, 

whereby eachybf said early bus clock signals will 
propagate from s'ald clock generator along said clock line 
starting from /said first end to said second end of said bus 
and then return at a later time to said first end of said 



bus as a corresponding late bus clock signal, whe^by each 
semiconductor device on said bus can detect sa^ early bus 
clock signals and said corresponding late bu^ clock signals. 
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74. The bus subsystem of claim 73 furtWer comprising a 
first and a second said bus clock line hamng first and second 
ends at said first and said second ends /of said bus, 
respectively, wherein said signal retytn means directly connects 
said second ends of said first and s4id second bus clock lines 
whereby each of said early bus cl^k signals will propagate from 
said clock generator at sa Ldyf ii^t end of said bus along said 
first bus clock line to sa^d^^cond end of said bus and then 
return on said second bus qJ/ock line to said first end of said 
bus as one of said corresponding Ifete bus clock signals. 



75. The bus subsystem \^f^ claim ^3 wherein said signal 

return means comprises said first bus c^lock line without a line 

/ * 
terminator at said/ second end thereof whereby each of said early 

bus clock signals reaching said second end of said first bus 

clock line will be reflected back along said first bus clock line 

as said cors4sponding late bus clock signals. 
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76. The bus subsystem of ciaim 73 further compri/ing 

a means for operating said bus in bus cycles timed to 
have a certain bus cycle frequency and a corresponding bus 
cycle period and 

a means for operating said clock gene^tor with a 
period of twice the bus cycle period. 

77. The bus subsystem of claim 76 wherfein said bus cycle 
frequency is greater than approximately 5o/mHz and less than or 
equal to approximately 500 MHz. 

78. The bus subsystem of claim 7 3/ further including a 
semiconductor device having an intemafl device clock generating 
means to derive the midpoint time between said early and 
corresponding late bus clock signals and to generate an internal 
device clock synchronized to said >4iidpoint time. 

79 . The bus subsystem oflyfcraim 73 further includihg a 
semiconductor device having ypLow-^kew clock generator circuit 
comprising 

a first delay li^e having an\input, an output and a 
basic delay and meafts for synchronizing the output of said 
first delay line with said early bus clock signal, 

a second deQay line having said basic delay plus a 
variable delaV; said second delay line having an output and 

• ■ ■ " 
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a means for synchronizing the output of said secon^ delay 
line with said late bus clock signal, and 

a third delay line having a third delay aild a means to 
set said third delay midway between the del^s of said first 
and second delay lines, said third delay Vine having an 
output which provides an internal devic^ clock signal 
synchronized to a time halfway betweepf said early and said 
late bus clock signals. 
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80. The bus subsystem of claim 70 wherein said early and 
said late bus clock signals are lowTVoltage-swing signals that 
transition cyclically between low yand high logical values, and 
further including a semicoi^H^cto/ device haying a low-skew clock 
generator circuit comprising 

Vert said early and said late bus 
.-switig logic signals. 



a DC amplifier t(j> 
clock signals into fu 
a first variabl 



delay Mne having a first variable 
/ ^ \ 

delay and an input/and an output, the input of said first 
variable delay lime being connected to said DC amplifier 
a first, ^second and a third additional delay line, 
each having input and an output, the input of each of 
said additional delay lines being connected to the output of 
said first/ delay line, 

/ said first additional delay line having a fixed 
deiay. 
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said second additional delay line having /said 
fixed delay plus a second variable delay, aira 

. said third additional delay line having said fixed 
delay plus one half of said second variable delay, 

a first clocked input receiver connected to sample said 
early bus clock signal and gated by said output of said 
first additional delay line, / 

a means for adjusting said first Variable delay so said 
first clocked input receiver sample&r said early bus clock 
signal just as said early bus clooi^ signal transitions, 

a second clocked input receiver connected to sample 
said late bus clock signal andygated by said output of said 
second additional delay jiine 

a means for adjusting\a4id second variable delay so 
said second clocked input! /receiver samples said late bus 
clock signal just as eaLai la^e bus clock signal transitions, 
whereby said output \f s\id third additional delay line 
is synchronized to a /time halfway between said outputs of 
said first and said/ second additional delay lines, and said 
output of said third additional delay line provides an 
internal device/clock signal. 



81. The biVB subsystem of claim 80 further comprising a 



semiconductor device having 

/ 
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a first one of said low-skew clock general 
circuits which generates a "true" internal d^ice clock 
signal and 

a second one of said low-skew clock /generator 
circuits connected to generate a "complement" internal 
device clock signal synchronized withr but opposite in 
logical value to said "true" internal device clock 
signal . 



82. A DRAM device designed to be cronnected to an external 
bus having a plurality of bus lines f (jr carrying substantially 
all address, data and control infornation needed by said DRAM 
device as a sequential serie^ of bits, said control information 

'ion, said external bus containing 
es than the number of bits in a 
rying device-select information 
^ ice-select lines connected 
. said 



including device-select info 
substantially fewer said bui i 
single address, and said bu 
without the need for sepa 
directly to said DRAM device 



de^ 



DRAM device comprising 



an array of ymemory cells connected in rows and columns, 
each of said m«nory cells adapted to store one of said bits, 
a row afi^ess selection means for selecting one of said 

rows , 

a q^lumn sense amp coiuiected to each of said columns, 
each o€ said colximn sense eunps adapted to. latch one of said 
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bits as a binary logical value or to precharge to ^ selected 
state, 

a column decoding means connected to eachyof said 
column sense cimps for selecting a plurality eff said column 
sense eimps for inputting one of said bits l:o or outputting 
one of said bits from said memory cells, 

an internal I/O bus having a plurality of internal I/O 
lines wherein each of said internal y/Q lines is connected 
to a plurality of said column sense^ amps, and 

a plurality of bus connection means designed to connect 
said internal I/O lines to saia external bus, 



whereby a selected 
bits can be transferrei 



bit cTf 



said sequential series of 
m said external bus to a selected 




one of said memory celL^/\r said bit contained in a selected 
one of said memory cel3.s c^n be transferred to said external 
bus . 

83. The DRAM d^ice ofe Claim 62 further comprising 

an outpu^lf driver (:onnected to one said bus connection 
*means , 

an cf^tput multiplexer having an output connected to 
said atitput driver and a plurality of inputs, each of said 
inp\a/s being connected to one of said internal I/O lines, 
an^ 
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a control means to select whether said outpirj? driver 
can drive said external bus, 

whereby a plurality of memory cells are /elected using 
said row address selection means and said oblumn decoding 
means and a plurality of bits contained ifti said plurality of 
memory cells are output through said caaumn sense amps to 
said internal I/O bus to. said output yfaultiplexer to said 
output driver to said eixtemal bus 



84. The DRAM device of claim s/ further comprising 



a plurality of inp 
bus data lines and to t 
a selection means 



reQ6ivers connected to one of said 
internal I/O bus, 
selecting said input receivers 



one by one to sense amfl store, one at a time, the bits of 
said sequential serLes ©f biVs, and 

a control mea^ to select whether an input receiver can 
drive said inteiThal I/O bus, whereby a bit of said 
sequential series of bits is input from said external bus 
through one jbf said input receivers to one of said internal 
1/6 lines /o one of said coliuiin sense amps to one of said 
memory cells. 
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85. The DRAM device of claim 82 further comprising 

a first and a second half -array of said lyfemory cells 
v^erein each said row of said array of saidy6iemory cells is 
subdivided into two parts, 

a first and a second one of said intfemal I/O buses 
connected to said column sense amps in ;6aid first and said 
second half -arrays, respectively, and 

a column decoder means to gate sfelected ones of said 
column sense amps connected to said/memory cells in a 
selected row of said first and a&^d second half -arrays 
simultaneously. 



SI 
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86. The DRAM device of claim/ss wherein said column decoder 
means selects sixteen column ^e\pe amgs at a time. 



87. The DRAM device of j61aim> 
operates at a certain speed/an4 whe^ 
four of said internal I/O /buses, eac 



82 wherein said external bus 
ein said DRAM device includes 
of which operates at one- 



fourth the speed of said/ external bus . 

: 88. The DRAM d^ice of claim 82 further comprising 

a means fibr precharging one of said column sense amps 
to a prechaXd state from which a binary logical value can 
quickly be/loaded into said column sense amp. 
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if said column sense amp contains a binary /logical 
value, a means for latching the logical value/currently 
contained in said column sense amp and 

a means for instructing said DRAM devi6e to precharge 
said column sense amp or latch said binary logical value in 
said column sense amp. 

89. The DRAM device of claim 88 further comprising a means 
for instructing said DRAM device to precharge said column sense 
eunp without further instruction whenever said row address 
selection means selects a different one of said rows . 

90. The DRAM device on o^aim/88 further comprising a means 
for instructing said DRAM deVicX/to precharge said column sense 
amp without further instructiqji a\ a first or a second 
preselected time after latchjmf th^latest said binary logical 
value, said first preselect?^ tWe bking long enough for said 
DRAM to latch said binarw/logical valle into said column sense 
amp and transfer said binary logical value into memory or onto 
one of said internal J/0 lines, and said second preselected time 
being a variable whj^h can be stored in said DRAM device whereby 
said DRAM can lato^ a binary logical value into said col\imn sense 
amp for transfer;^ng said binary logical value into or out of a 

selected said oiemory cell, then precharge to allow a faster 

/ 

subsequent read or write. 



High Performance Bus Interface -97- 



10 



15 



1^ 

o 

n 
y 

a 

ru 
P 



20 



25 



91. A package containing 

a seiaiconductor die having a side, ci/cuitry and a 
plurality of connecting areas positioned/ along or near said 
side, spaced at a selected pitch and connected to said 
circuitry, 

said package comprising a plurality of bus connecting 
means for connecting to a pluralit^ of external bus lines, 
each of said external bus lines yfcorresponding to one of said 
connecting areas, each of saiybus connecting means being 
positioned on a fiijfet side of said package, 
connected to one ^id external bus line and to 
said corresponding connecting area on said 
semiconductor die, /nd 

spaced at a pitch substantially identical to said 
selected pit :WyO^ said connecting areas, 
whereby each oAsaid external bus lines can be 
connected to saic /corresponding connecting area on said 
semiconductor di^by bis connection means positioned along a 
single side of^s a ih^ package. 

*'92. The package of claim 91 further comprising a plurality 
of said bus <^nnecting means wherein each of said bus connecting 

means incluaes 

/a pin adapted for connection to one of said external 

bu^ lines and 
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a wire connecting said pin to one of said j?^ecting 
areas on said semiconductor die, 

said wire having an effective lead length 14sb than about 4 
millimeters and wherein the effective lead leij^h of said wire of 
each of said bus connection means for said n^ckage is 
approximately equal. 

. 93. A plurality of packages of cl/im 91 wherein at least 
two of said semiconductor die are mem/ry devices, each of said 
packages being generally flat, havi^ a top and a bottom, and 
wherein 

said packages are phV^icalL;^ secured adjacent and parallel 
to each other in a stack, 
where a first one of 
one of said packages in ae- 



sa; 



packages is adjacent to a second 
ick, said top of said first 
package is substantially^^igneJl^ with said bottom of said second 
package, and 

said bus connect^/ng mj^ans o^ each of said packages'' are 
substantially align/d and are lying substantially in a plane. 

*94. The p/uralityof packages of claim 93 further 
comprising a Plurality of stacks wherein each of said bus con- 
necting mea/s can be electrically connected to corresponding said 
bus connecting means in each of said stacks. 



25 
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95. A seiaiconductor device capable of use/in a semi- 
conductor bus architecture including a pluralin:y of semiconductor 
devices connected in parallel to a bus wherein said bus includes 
a plurality of bus lines for carrying subs^ntially all address, 
data, control and device-select information needed by said 
semiconductor device for communication with substantially every 
other semiconductor device connected tp said bus, and has 
substantially fewer bus lines than tne number of bits in a single 
address, and carries device-select yanformation for said 
semiconductor device without the need for a separate device- 
select line connected directly Vo said individual semiconductor 
device, said semiconductor device comprising 

connection means a/aapted to connect said semiconductor 
device to said hAs, and 




at least one inaJdif iable identification register 
accessible to sa!(.fl pus through said connection means, 
whereby data may he transmitted to said register via said 
bus^ and enable sa^d device thereafter to be uniquely 
identified., 



96. The semiconductor device of claim 95 wherein said 
semiconduo^r device is a memory device which connects 
substantilally only to said bus and sends and receives 
subst^i^ially all address, data and control information over said 
bus . 
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97. A semiconductor device capable of use in^a semi- 
conductor bus .architecture including a plurality^ of semiconductor 
devices connected in parallel to a bus wherein/said bus includes 
a plurality of bus lines for carrying substantially all address, 
data, control and device-select in forma tion/needed by said 
semiconductor device for comm\uiication wi^n substantially every 
other semiconductor, device connected tOysaid bus, and has 
substantially fewer bus lines than the/number of bits in a single 
address, and carries device-select information for said 
semiconductor device without the need for a separate device- 
select line connected directly to/said individual semiconductor 
device, said semiconductor devidfe comprising 

connection means adapted to connect said semiconductor 
device to said bus, 

at least one mqdi^able register to hold device address 
information, sa^d motiifiable register accessible to 



said bus through said a;pnnection means, whereby data 
may be transmitted to said register via said bus which 
enables sa^ device thereafter to respond to a 
predetermined range of addresses. 



98. The ^semiconductor device of claim 97 wherein said 
semiconductor device is a memory device which connects 
substantially only to said bus and sends and receives 
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substantially all address, data and control information over said 
bus . 

99. The semiconductor device of claim 98 y^herein said 
memory device has at least one discrete memocy section and also 
has at least one modifiable address register adapted to store 
memoiry address information which corresponyis to each said 
discrete memory section. 
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100. The semiconductor device of yclaim 99 wherein said 
memory address information comprises/a pointer to said discrete 
memory section. 



101. The semiconductor 
discrete memory section has 
address information comprises 
bottom , 



Jevaice of claim 100 wherein said 
oAand a bottom and said memory 
poinrers to said top and said 



102. The semiconductor device of claim 100 wherein said 
memory address information comprises 

a pointer /to said discrete memory section and 
a range yvalue indicating the size of said discrete 
memory section . 
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103. A 8 end conductor device capable of use iiy a semi- 
conductor bus architecture including a plurality /of semiconductor 
devices connected in parallel to a bus wherein tfaid bus includes 
a plurality of bus lines for carrying substantially all address,- 
data and control information needed by said sZniconductor device 
for communication with substantially eveiry other semiconductor 
device connected to said bus, and has subsltantially fewer bus 
lines than the number of bits in a singl^ address., said 
semiconductor device comprising 

connection means adapted to ^nnect said semiconductor 
device to said bus, and 

at least one modifiable aiccess-time register accessible 
to said bus through saAi coiylection means, whereby data may 
be transmitted to said Ire^j/ster via said bus which 

jrmki 



establishes a predate] 
semiconductor device tl 
bus in response to a 



amount of time that said 
reaM:er must wait before using said 



lest 



104. The semicondi^ctor device of claim 103 wherein said 
semiconductor device A.s a memory device which connects 
substantially onlyyto said bus and sends and receives 
substantially alyaddress, data and control information ovier said 
bus . 
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.105. The semiconductor device of claim lo/ further 
comprising at least two access-time registersr and one of said 
access-time registers is permanently prograinmed to contain a 
fixed value and at least one of said access-time registers can be 
5 modified by information carried on said b/s. 

106. A semiconductor device capab^/e of use in a semi- 
conductor bus architecture including k plurality of semiconductor 

devices connected in parallel to a l/us wherein said bus includes 

/ 

10 a plurality of bus lines for earring substantially all address, 

|j. data, control and device-select imformation needed by said 

B I 

semiconductor device for communication with substantially every 

other semiconductor device cio^'lnected to said bus, and has 



|== 



substantially fewer bus line 



lan the niunber of bits in a single 



address, and carries deviceABeleoLt information for said 

semiconductor device without the need for a separate device- 

/ \ T 

nj select line connected directry to said individual semiconductor 

1=^ 7 ■ \ . . . 

O device, and wherein each said bus line is a terminated 

transmission line, sa(ld semiconductor device comprising 
20 connectioi^ means adapted to connect said, semiconductor 

device to saj^ bus, and 

a busv^Line driver capable of producing a low-voltage- 
swing signal on one of said terminated transmission lines. 



/ 
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107. The semiconductor device of claim 106 wherein said 
semiconductor device is a memory device which comects 
substantially, only to said bus and sends and receives 
substantially all address, data and control information over said 
bus . 
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108. A semiconductor device capabl/ of use in a semi- 
conductor bus architecture including a /plurality of semiconductor 
devices connected in parallel to a bu« wherein said bus includes 
a plurality of bus lines for carryii^ substantially all address, 
data, control and device-select iiiformation needed by said 
semiconductor device for communication with substantially every 
other semiconductor device conriected to said bus, and has 
substantially fewer bus liSnes/than the number of bits in a single 
address, and carries deviceVselect information for said 
semiconductor device withc vitVhe need for a separate device- 
select line connected diE^ctly\to said individual semiconductor 
device, said bus further includj&ng at least one bus clock line 
for carrying early anjs late bus qlock signals , said semiconductor 
device comprising 

connect iirfn means adapted to connect said semiconductor 
device to said bus, and 

an internal device clock generating means which 
generat^ an internal device clock synchronized to a time 
halfway between said early and said late bus clock signals. 



/ 
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109. The semiconductor device of claim 108 wherein /aid bus 
further includes a first and a second one of said busySlock 
lines, said first bus clock line cdrries said early l/us clock 
signal and said second bus clock line carries said/ate bus clock 
signal, said semiconductor device further comprising a means to 
detect said early bus clock signal on said f irs^ bus clock line 
and a means to detect said late bus clock si^ial on said second 
bus clock line. 
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110. The semiconductor device of cAaim 109 wherein said 
semiconductor device is a memory dev/ce which connects 
substantially only to said bus and/sends and receives 
substantially all address, dlpXa M control information over said 
bus . 

111. A semiconductor d4 .ce \apable of use in a semi- 
conductor bus architectu/ in|cludi\g a plurality of semiconductor 

to a bus wherein said bus includes 
a plurality of bus li/es for carrying as a sequential series of 
bits substantially /l address, data, control and device-select 
information neede/by said semiconductor device for communication 
with substantially every other semiconductor device connected to 
said bus, and/as substantially fewer bus lines than the number 
of bits in /single address, and carries device-select 
inf ormati^ f or said semiconductor device without the need for a 
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separate device-select line connected directly to said ilndividual 
semiconductor device, said semiconductor device comprising 

connection means adapted to connect said efmi conductor 
device to said bus, 

a plurality of input receivers connecte<^ to one of said 
bus data lines and 

a selection means for selecting said Anput receivers 
one by one to sense and store, one at aycime, the bits of 
said sequential series of bits. 




112. The semiconductor device of claim 111 wherein said 
semiconductor device is a memory device which connects 
substantially only to said bus and &ends and receives 
substantially all address, da^ and control information over said 
bus . 



113. The semiconductor 
receivers are connected 




of claim 112 wherein two. input 
id bus lines . 



114. A semicondi>ctor device capable of use in an 
architecture for aysemiconductor system bus including a plurality 
of semiconductor/devices connected in parallel to a bus wherein 
said bus system includes a plurality of bus lines for carrying 
substantially all address, data, control and device-select 
information needed by said semiconductor device for communication 



/ 
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with substantially every other semiconductor device cj&nnected to 
said system bus, and has substantially fewer bus linfes than the 
niunber of bits in a single address, and carries 4^vice-8elect 
information for said semiconductor device without the need for a- 
separate device-select line connected directly /to said individual 
semiconductor device, said semiconductor device comprising 

connection means adapted to connecjt said semiconductor 

device to said system bus, 

an internal input/output bus wLthLn said semiconductor 

device having more lines than said/ system bus, and 

a means for multiplexing th^lines of said internal bus 

/ 

to the lines of said system bus, whereby said system bus can 
run at a higher speed than s/id internal bus . 



115. The semiconductor 
semiconductor device is a 
substantially only to sai 
substantially all addre 
system bus. 




ice of claim 114 wherein said 
device which connects 
bus and sends and receives 

control information over said 
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* 116. A semiccmductor device capable of use in an 
architecture for a semiconductor system bus including a plurality 
of semiconductor devices connected in parallel to a bus wherein 
said system/bus includes a plurality of bus lines for carrying 
substantially all address, data, control and device-select 
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information needed by said semiconductor device for oonnnunication 
with stibstantially every other semiconductor device/connected to 
said system bus , and has substantially fewer bus Lines than the 
number of bits in a single address, and carries device-select 
information for said semiconductor device withont the need for a 
separate device-select line connected directW to said individual 
semiconductor device, said semiconductor devi/ce comprising 

connection means adapted to connegt said semiconductor 
device to said system bus, 

an internal input/output bus wi^thin said semiconductor 
device having more lines than s a ici system bus, 

a means for multiplexing th4 lines of said internal bus 
to the lines of said syitem bus, whereby said system bus can 
run at a higher speed than Vaid internal bus, and 

at least one modifiable Vdentification register 
accessible to said syst^\ bus through said connection means, 
whereby data may be t^nsmittecXto said register via said 
system bus and whic!^i^ enables said device thereafter to be 
uniquely identifii^ed. 

/ 

•• 117. The semiconductor device of claim 116 wherein said 
semiconductoi;/device is a memory device which connects 
substantially only to said system bus and sends and receives 
substantd^lly all address, data and control information over said 
systemr bus . 
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118. A semiconductor device capable of use ir/an 
architecture for a semiconductor system bus inclutiing a plurality 
of semiconductor devices connected in parallel /o a bus wherein 
said system bus includes a plurality of bus l/nes for carrying 
substantially all address, data, control and/device-select 
information needed by said semiconductor d/vice for communication 
with substantially every other semicondu/tor device connected to 
said system bus, and has substantially/fewer bus lines than the 
number of bits in a single address, e^d carries device-select 
information for said semiconductorAevice without the. need for a 
separate device-select lin^conn^ted directly to said individual 
semiconductor device, saidyW^onductor device, comprising 

connection means Lifted to connect said semiconductor 

device to said system j5bs, 

an internal inpiit/|utpuXbus within said semiconductor 

device having more /lines than \a id system bus, 

a means for Zltiplexing the lines of said internal bus 
to the lines of /aid system bus, whereby said system bus can 
run at a high^ speed than said internal bus, and 

at leas,/ one modifiable register to hold device address 
' informati^, said modifiable register accessible to said 
system h/s through said connection means, whereby data may 
be transmitted to said register via said system bus which 
enab/s said device thereafter to respond to a predetermined 
ranqe of addresses. 

/ 
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119. The sexaiconductor device of claiia 118 wherein said 
semiconductor device is a memory device which connecjcs 
substantially, only to said system bus and sends angr receives 
substantially all address, data aiid control inf oration over said 
system bus. 
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120. The semiconductor device of claim /1 19 wherein said 
memory device has at least one discrete memory section and also 
has at least one modifiable address regj^er adapted to store 
memory address information which corrf^ponds to each said 
discrete memoiry section. 



121. A semiconductor deviipQ/^apable of use in an 

architecture for a semiconductor aystera bus including a plurality 

of semiconductor devices co:>iiected Xn parallel to a bus wherein 

/ 

said system bus includes a/ plurality of biis lines for carrying 
substantially all addreas, data and control information needed by 
said semiconductor device for communication with substantially 
every other semiconductor device connected to said system bus, 
and has substantia^y fewer bus lines than the number of bits in 
a single address, /said semiconductor device comprising 

connexion means adapted to connect said semiconductor 
device to said system bus., 

7 internal input/output bus within said semiconductor 
having more lines than said system bus. 
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a means for multiplexing the lines of said Internal bus 
to the lines of said system bus, whereby said system bus can 
run at a- higher speed than said internal bus /and 

at least one modifiable access-time rec^ster accessible 
to said system bus through said connection/ means, whereby 
data may be transmitted to said register/ via said system bus 
which establishes a predetermined amount of time that said 
semiconductor device thereafter must/wait before using said 
system bus in response to a request. 

122. The semiconductor devicybf claim 121 wherein said 
semiconductor device is SymemoiV levice which connects 
substantially only to saldysystera bus and sends and receives 
substantially all address\^ta and control information over said 
system bus. 

123. The semicoiyiJictor deviW of claim 121 further 
comprising at least/two access-tfime registers and one 'of said 
access-time regia^rs is permanently programmed to contain a 
fixed value and4t least one of said access-time registers can be 
modified by ^formation carried on said system bus. 



25 



124/ A semiconductor device capable of use in a semi- 
conduc/or bus architecture including a plurality of semiconductor 
devJ^es connected in parallel to a bus wherein said bus includes 
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a plurality of bus lines for carrying substantially all /ddress, 
data , control emd device-select information needed by Aa.Ld 
semiconductor, device for communication with substantially every 
other semiconductor device connected to said bu8,>and has 

5 substantially fewer bus lines than the number orbits in a single 
address, and carries device-select inf ormatio^ f or said 
semiconductor device without the need for a/4eparate device- 
select line connected directly to said imavidual semiconductor 
device, wherein said address, data, con^^ol and device-select 

10 information is carried over said bus fLn the form of request 
packets and bus transactions, said ^Semiconductor, device 

D . 

comprising 

connection means addt>t^d to connect said semiconductor 
device to said bus, 

a means to receive^ 
a means to decode 

and ' 

^ a means to reg^)ond to said in'iormation in said request 

packets 

20 

125. The semi/onductbr device of claim 124 wherein said 
means to decode Xn^o^^^^o'^ in said request packet further 
comprises 

a/^eans to identify and decode said control information 
25 in safid 



SI' 

m 




request packets over said bus, 
forma'^on in said request packets. 



in said request packet, 

. / 
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a means to Identify and decode said devic^select 
information in said request packet > 

a means to identify and decode said address information 
in said request packet and 

a means to determine whether said ci^ntrol information 
or said address information instructs said semiconductor 
device to begin a response. 



10 



M 
1^ 

B 

Le, 

m 
nj 

Q 
20 



126. The semiconductor device of claim 124 wherein each of 
said bus transactions is carried out/in response to said address 
and said control information in one of said request packets, and 
wherein said means to identify and decode information in said 
request packets includes a meians to. identify a sequence of bytes 
on said bus as one of said reqijest packets containing said 
address and said control 4/nf orma1?^on / said control information 
including information a}j<but\ the tyde of said bus transaction 
being requested and ti(e access tijne Which needs to intervene 
before beginning sa/d bus transaction over said bus arid said 
address and said y^ontrol information includes device-select 
information instructing one or more said semiconductor devices to 
respond to saad address and said control information. 



127/ The semiconductor device of claim 124 further 
comprising 



High Performance Bus Interface -114- 



a plurality of sense amplifiers adapted to prech^ge to 
a selected state or to latch a bit of information, 

a means to hold said sense amplifiers in any^modified 
state after latching one of said bits of inforx/tion, 
a means to precharge said sense amplifies and 
a means for selecting whether said se^conductor device 
should precharge said sense amplifiers / should hold said 
sense amplifiers in an unmodified sta/e. 

128. The semiconductor device of cAaim 124 wherein said 
means to respond to said informatioy where said information is 
control information, further compr/ses a means to 

transfer a data bt^k d<iring a data block transfer, 

. further including a mekn^o 

read data f rci/sa^ semiconductor device and 
write data ^4^0 sai^ semiconductor device, and 

.initiate a dataTbldck trarisfer, 

transfer a data block of a Wected size, 

transfer a/Bata block at a selected time, 
access- a /ontrol register, including a means to read 
from or wry^ to said control register, or 
selecit normal or page-mode access . 

129 . ;)/e semiconductor device of claim 124 further 
comprisi^ a means to respond to said information in said request 

» ■ 
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packet if said information includes a device identifji^ation 
number unique to said semiconductor device. 

130. The semiconductor device of claim 124/ further 
comprising a means to respond to said information in said request 
packet if said information includes a special device 
identification number which calls for saLd semiconductor device 
to respond. 



131, The semiconductor device 
comprising a means to respAnd to 



packet if said information 
semiconductor device. 




claim 124 further 
information in said request 



es an address iinique to said 



132. The semiconductor device of claim 124 further 
comprising a means to i^eipret Isaid control information and 
decode the time to w^ft beiore beginning said bus transaction 
over said bus. 



133. The sefbiconductor device of claim 124 further 
comprising a nteans to interpret said control information and 
decode the size of a data block to transfer during one of said 
bus transactions. 
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134.. The semiconductor device of claim 124, 125, 12^, 127, 
128, 129, 130, 131, 132 or 133 wherein said semiconduc^^or device 
is a memory device which connects substantially onlv/to said bus 
and sends and receives substantially all address, (fata and 
control information over said bus. 



lOi^ 
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135. A semiconductor device capable of ufee in a semi- 
conductor bus architecture including a plui^lity of semiconductor 
devices connected in parallel to a bus wh4rein said bus includes 
a plurality of bus lines for carrying m4stantially all address, 
data, control and device-select information needed by said 



semiconductor device for coj 
other semiconductor device 
substantially fewer bus. lin 
address, and carries device-^e 
semiconductor device without 



unicati^n with substantially every 
lect/d to. said bus, and has 

the number of bits in a single 
t information for said 
•he Aeed for a separate device- 



device, wherein said addr 



7 

.dress. 



select line connected direc/y to ^id individual semiconductor 



7 

information is carried o^er said bus in the form of request 
packets and bus transitions, said semiconductor device 
comprising 

connecti/ means adapted to connect said semiconductor 

device to edLd bus, 

a meahs to encode address and control information in 

said request packets and 



data , ^^control and device'- select 



25 
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a means to send said request packets over Id bus. 



136, The semiconductor device of claim 135 fprther 
comprising a means to request a bus trans action/wherein each of 
said bus transactions is carried out in response to said address 
and said control information in one of said/request packets, and 
wherein said means to encode information i^i said request packets 
includes a means to mark a sequence of bytes on said bus as one 
of said request packets, said control information including 
information about the type of said bids transaction being 
requested and the access time whichf needs to intervene before 
beginning said bus transaction ov^r said bus and said address and 
said control information inpAid/s device-select information 



instructing one or more saic^sJbiiconductpr devices to respond to 
said address and said controji information. 



137. The semiconduct6r d'^vice\of claim 135 wherein one or 
more of said plurality 6f semiconductor devices has a unique 
device identif icationynumber, said semiconductor device further 
comprising a means Yo send control information to a specific one 
of said plurality/of semiconductor devices by including in said 
request packet /& selected said device identification number. 



138. T-he semiconductor device of claim 135 wherein each of 
said plurality of semiconductor devices is adapted to respond to 
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a special device Identification niimber, said semiconductor device 
further comprising a means to send control information to each of 
said plurality of semiconductor devices by including in said 
request packet said special device identification number. 
5 / 

139. The semiconductor device of claim 135 wherein one or 
more of said plurality of semiconductor deyxces is a memory 
device having a plurality of addresses, 84ld seioiconductor device 
further comprising a means to send control information to a 

10 specific address or range of addresses in one of said plurality 

Mi ■/ 

g of semiconductor devices by including said specific address or 

2 range of addresses in said reguesy packet. 

M 

!1 ■ 

"''■^ 1.40. The semiconductor dev'ice of claim 135 wherein at least 

^ r \ / 

15 one of said request packetsXrs a request packet requesting a bus 
nj transaction which is follbyrea by a corresponding one of said bus 

ry / \ 

1^ transactions, said, semiconducl^or device further comprising a 
1^ means to encode said control iViformation to specify directly or 

indirectly the time between the end of said request packet 
20 rec[viesting a bus tramsaction and said corresponding bus 

transaction over s^id bus . 



141. They4emi conductor device of claim 140 wherein one type 
of said bus/transactions is a transfer of a data block, said 
25 semiconductor device further comprising a means to encode said 

/ 
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control information to specify the size of said d^ta block to 
transfer. 

142. The semiconductor device of claim Iji^ further 
comprising a means to keep track of current/and pending bus 
transactions, whereby collisions on said l4s are avoided because 
said semiconductor device avoids initiating bus transactions 
which would conflict with current or pfending bus transactions. 

143. The semiconductor device^f claim 135 wherein said 
semiconductor device is a feirst master device and one of said 
plurality of semiconductor divides is a second master device. 




further comprising 

a collision detecUng ^eans whereby said first master 
device when sending /f^rst dhe of said request packets can 
detect ..said second /as t^ devi\e sending a colliding one of 



a yiua B uet VAC V J. Vie 

said request pack/ts, where said colliding request packet 

/ \ ■ ■ ' ' 

may be sent simultaneous with the. initial sending of or 

overlapping thfe sending of said first request packet, and 

an arbitration means whereby said first and said second 
master deuces select a priority order in which each of said 
master d^ices will be allowed to access said bus 
sequen liially. 
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144. The Bemiconductor device of claim 143 wherein/ aaid 
semiconductor device is a master device and at least >6ne of said 
plurality of semiconductor devices is a master device, each of 
said master devices has a master ID number and ea/h of said 
request packets includes a master ID position wKich is a 
predetermined number of bits in a predetermin/d position in said 
request packet, and wherein said collision detection means 
comprises 

a means for said semiconducto/ device to send its 
master ID number in said request/packet and 

a means to detect a collision and invoke said 
arbitration means if said ^feBldconductor device detects any 
other master ID number in Ahi master ID position. 



145. The semiconductor/device o5 claim 144 wherein said 
system bus architecture i/clud|fes a me\ns for carrying information 
on said bus during bus (/yclee, said semiconductor device further 
comprising 

a means fo/ driving a selected bus line or lines during 
at least one /elected bus cycle while sending each said 

request pacjcet, 

a me^s for monitoring said selected bus line or lines 
to see if another said master device is sending one of said 
colliaing request packets and 
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a means for informing all said master devices that a 
collision has occurred and for invoking said a^itration 
means . * . 

146. The semiconductor device of claim 145/further 
comprising 

a means, when sending a request pafcket, for driving a 
selected bus line or lines with a certain current during at 
least one selected bus cycle, 

a means for monitoring said Selected bus line or lines 
for a greater than normal current to see if another said 
master device is driviW thay line or lines, 

a means for deteqitiVg eaid greater than normal current 

and \ A 

a means for inform^g all said master devices that a 
collision has occurrec/Obd f ok invoking said arbitration 



means . 



I 147. The semiconductor device of claim 143 wherein said 
arbitration means c/^mprises 

a means /for initiating an arbitration cycle, 
a meap^ for allocating a single bus line to each said 
master d.^vice during at least one selected bus cycle 
relatij/e to the start of said arbitration cycle. 
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a means for allocating each said master device to a 
single bus line during one of said selected bus/cycles if " 
there ar4 more master devices than available l6us lines, 

a means for each of said master devices/which sent one. 
of said colliding request packets to drive/said bus line 
allocated to said master device during s^id selected bus 
cycle, and 

a means in at least one of said i^aster devices for 
storing information about which ma^/er devices sent one of 
said colliding request packets 

whereby said master device/ can monitor selected bus 
lines during said arbitration/cycle and identify each said 
master device which s4a\ o^/ of said colliding request 
packets . 



148. The semiconducto 
arbitration means comprises 




devite of claim 143 wherein said 



a means for identifying 4ach of said master devices 
which sent one Jt said collidihg request packets, 

a means f/r assigning a priority to each said master 
device which/sent one of said colliding request packets, and 

a mea<4 for allowing each said master device which sent 
one of s^d colliding request packets to access the bus 
sequentially according to that priority. 
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im l^yCherein said 



149. The semiconductor device of claim 
priority is based on the physical location o/ each of said master 

devices. Y 

150. The semiconductor device o/claL 143 wherein said 
priority is based on said master l/ nUer of said master 
devices . 
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